Increased intestinal permeability, shown in patients with untreated coeliac disease by many workers using 11Cr-EDTA'4 or non-digestible sugars" as permeability probes, may be important as a marker ofintestinal damage. In addition, it has been suggested that an underlying defect in permeability could play a primary role in the pathogenesis of coeliac disease. 8 According to this hypothesis, a primary increase in mucosal permeability allows ingested gluten, or peptides derived from gluten digestion, to cross the intestinal epithelium, resulting in mucosal damage either by direct toxicity or by immune mediated mechanisms. '3 Support for this hypothesis has been provided by evidence of increased intestinal permeability to 5'Cr-EDTA not only in patients with untreated coeliac disease but also in patients successfully in remission on a gluten free diet.'214 However, considerable overlap or no significant difference between the permeability to 5'Cr-EDTA in treated coeliac patients and control subjects has been found by others.35 15 6 Studies using alternative permeability probes have shown increased permeability in some patients investigated for intestinal disease but with apparently normal jejunal histology," 12 although careful morphometric analysis has detected subtle histological changes in these cases.9 '7 No primary abnormality in coeliac disease has been shown using sugar permeability probes in patients successfully treated with a gluten free diet. '8 19 In one study, permeability decreased significantly after the introduction of a gluten free diet, although it remained greater than controls in five of 13 15 hours, 45 ml of the 5'Cr-EDTA solution was given intragastrically by a stomach tube, which was then flushed with 55 ml ofwater. Each dog was then placed in a metabolism cage for 24 hours; water was available ad libitum and food was given after six hours. At the end of 24 hours, the bladder was catheterised and the urine was pooled with any urine collected in the cage, and the total volume recorded. No dog passed faeces during the 24 hour period in the metabolism cage.
The percentage urinary recovery of the administered dose of 5'Cr-EDTA was calculated by counting the radioactivity in five 2.5 ml aliquots of urine samples and 1:100 dilutions of the standards in a LKB-Wallac 1270 Rackgamma counter. Each sample was counted for five minutes; the coefficient of variation was between 1.2 and 6-0% depending on the level of radioactivity. Sensitivity was 0.03% of the administered dose per litre of urine. Sequential examination of biopsy specimens in the present study showed the characteristic changes -partial villus atrophy, intraepithelial lymphocyte infiltration, and reduced alkaline phosphatase activity -of gluten sensitive enteropathy22-25 in affected dogs reared on a normal wheat containing diet. The reduction in villus height and alkaline phosphatase activity in affected dogs in response to dietary wheat was evident by 6 months of age and was progressive, with noticeable reductions by 12 months of age. As expected, affected progeny that were fed a diet containing wheat had morphological and biochemical evidence of intestinal damage, and indeed had the greatest permeability to 5'Cr-EDTA. Permeability was also increased at 4 months of age, however, compared with controls, before the development of mucosal damage.
In the absence of dietary wheat, villus height, intraepithelial lymphocyte density, and alkaline phosphatase activity in progeny of affected dogs were no different from the control dogs. Yet significantly, these progeny on a gluten free diet also exhibited increased permeability when compared with controls, despite the absence of morphological or biochemical evidence of intestinal damage; these dogs did excrete less 5'Cr-EDTA than the normal diet group, but this would be expected in the absence of gross mucosal damage.
The pathway across the mucosa taken by 5 In mature control Irish setters the 24 hour urinary excretion of "Cr-EDTA after peroral administration is approximately 10%, and much greater than that reported for man30; the significance of this is discussed elsewhere. 27 Despite this high natural intestinal permeability in canines compared with other species, increased permeability apparently exists in affected Irish setters compared with control Irish setters, although it may be speculated that the apparent increase in permeability in the gluten free diet group, despite the lack of evidence of intestinal damage, was caused by extraneous factors.
Mucosal integrity can be damaged by EDTA39 and its presence in the test solution, to stabilise 5Cr-EDTA, could theoretically damage the mucosal barrier of affected progeny more than controls. The concentration of EDTA reported to produce changes in permeability, however, is one thousand times greater than that of the test solution. Another possible factor is the diet of the gluten free diet group, which is an all meat product and could increase intestinal transit time.'I However, the total transit time in all these dogs was greater than 24 hours, and so an effect on the permeation of 5Cr-EDTA would only be seen if the permeability of small intestinal and colonic mucosa were different. Furthermore, dogs in the normal diet group were fed the same diet as the controls, and yet before they developed intestinal damage they had increased permeability compared with the controls.
The diet fed to the gluten free diet dogs was strictly gluten free, but could contain some other component to which these dogs are also sensitive. Carrageenan, for example, is present in some proprietary dog foods and has been shown to cause an increased intestinal permeability in rats without producing any histological abnormalities.4' Thus, the permeability abnormality may not be a primary defect but secondary to the presence of another dietary component that increases permeability and thereby permits access of gluten to the mucosa. Elemental diets have been shown to reduce intestinal permeability in Crohn's disease,42 where permeability to macromolecules may be involved in the pathogenesis ofthe condition. 13 It would be interesting to measure the intestinal permeability of these dogs while they are maintained on an elemental diet in order to eliminate the effects of any potential dietary sensitivity.
In conclusion, increased permeability to 5Cr-EDTA was found in progeny of affected Irish setters fed a gluten free diet, although there was no morphological or biochemical evidence of intestinal damage. Increased permeability was also found preceding the development of gluten sensitive enteropathy in affected dogs reared on a diet containing wheat. These findings suggest that an underlying permeability abnormality may be important in the pathogenesis of gluten sensitive enteropathy in Irish setters. Further increases in permeability reflected the development of overt intestinal damage secondary to the ingestion of gluten. Any correlation between increased 5'Cr-EDTA permeation and permeability to gluten or gluten derived peptides in affected Irish setters remains to be determined. 
